Free vibration analysis of homogeneous and isotropic annular thin plates by using Green's functions is considered. The formula of the influence function for uniform thin circular and annular plates is presented in closed-form. The limited independent solutions of differential Euler equation were expanded in the Neumann power series based on properties of integral equations. The analytical frequency equations as power series were obtained using the method of successive approximations. The natural axisymmetric frequencies for singularities when the core radius approaches zero are calculated. The results are compared with selected results presented in the literature.
Introduction
The study of the vibration of a thin annular plate is basic in structural mechanics because it has many applications in civil and mechanical engineering. Circular and annular plates are the most critical structural elements in high speed rotating engineering systems. The natural frequencies of the circular and annular plates have been studied extensively for more than a century. Since the frequency of external load matches the natural frequency of the plate, destruction may occur.
The free vibration of annular plates has received considerable attention in the literature. The vibration of annular plates has been discussed by many authors (Vogel and Skinner, 1965; Ramaiah, 1980; Vera et al., 1998; Gabrielson, 1999) . The work of Leissa (1969) is an excellent source of information about methods used for free vibration analysis of plates. Free vibration analysis has been carried out by using a variety of weighting function methods (Leissa, 1969) such as the Ritz method, the Galerkin method or the finite element method. Kim and Dickinson (1989) made studied lateral vibration of a thin annular plate subject to certain complicating effects. Wang et al. (1993) free vibration analysis of thin annular plates using the differential quadrature method (DQM). Liu et al. (2000) studied the effect of satisfying stress boundary conditions in the axisymmetric vibration analysis of circular and annular plates. Wang and Wang (2005) analyzed the fundamental frequencies of annular plates with small core. Kukla and Szewczyk (2006) analyzed axisymmetric natural frequencies of annular plates with elastic concentric supports using Green's functions. Taher et al. (2006) studied free vibration of circular and annular plates with variable thickness and different combinations of boundary conditions. Zhou et al. (2011) analyzed natural vibration of thin circular and annular plates by Hamiltonian approach. Wang (2014) studied vibration modes of concentrically supported free circular and annular plates.
In the present study Green's functions (GF) are used to obtain axisymmetric natural frequencies of annular plates. The formula of influence function for uniform annular (circular) plates is obtained in closedform. The characteristic equations for different boundary conditions such as free, clamped, simply supported, 
Statement of the problem
Consider an isotropic, homogeneous annular thin plate of constant thickness h in cylindrical coordinate   , , r z  with the z-axis along the longitudinal direction. The geometry and coordinate system of the plate is shown in Fig.1 
is the differential operator and
is the dimensionless frequency of vibration.
The boundary conditions at the inner edge  
 of the annular plate may be one of the following: clamped, simply supported, free and sliding supports. These conditions may be written in terms of the radial mode function ( ) w  in the following form: Clamped
M w and   V w are the normalized radial bending moment and the normalized effective shear force, respectively. Similar boundary conditions may be defined for the outer edge ( ) 1   depending on the type of support of annular plates.
Finding Green's function
The characteristic equation of homogeneous differential Euler equation for thin annular (circular) plates 
Based on properties of Euler differential equations, the linear independent solutions of Eq.(3.1) have the form
Green's function (general solution of Eq.(3.1)) may be received from the formula presented in the following form (Tricomi, 1957) 
where 
2 ln   are linear independent solutions, then the Wronskian satisfies the condition ( ) .
W 0   After calculations, Green's function (GF) has the following form
and satisfies conditions
according to the properties of influence functions (Kukla, 2009 ).
Solution of the problem
Based on the method of successive approximations and properties of integral equations, the limited solutions were expanded in the Neumann power series (Tricomi, 1957) in the following form
Using condition for non-zero values for integral constants, the characteristic equations for different boundary conditions for considering annular plates have the following form:
Clamped inner edge and free outer edge
Simply supported inner edge and free outer edge
Sliding inner edge and free outer edge
Free inner edge and clamped outer edge
Free inner edge and simply supported outer edge
Free inner edge and sliding outer edge
Free inner and outer edge
Clamped inner and outer edge
For all boundary conditions formula of Λ 0 has the following form 
Results
The numerical results for axisymmetric dimensionless frequencies of annular plates with different boundary conditions are presented in Tabs 1-3. The Neumann power series Eq.(4.1) were expanded for the degree of approximation 30   for all cases under consideration. The numerical results for free annular plates with different boundary conditions on the inner edge are shown in Tab.1 in comparison to Vera et al. (1998) , Vogel and Skinner (1965) . The dimensionless frequencies of annular plates with different boundary conditions on the outer edge and free inner edge are presented in Tab.2 in comparison to Zhou et al. (2011) . The numerical results for annular plates with the same boundary conditions on both edges are shown in Tab.3 in comparison with Zhou et al. (2011) . 
Conclusions
In this paper, Green's function has been employed to solve natural vibration of annular thin plates with different combinations of boundary conditions on both the edges. Green's function for annular (circular) plates is obtained in closed form. The limited independent solutions of Euler equation were expanded in the Neumann power series rapidly convergent to exact values. Exact solutions were obtained for a low value of degree of approximation  
 
. The characteristic equations were obtained for all possible values of core radius. It was possible to obtain the exact eigenvalues using properties of the Volterra integral equations of second kind and calculation software without using the Bessel functions and bisection method (or NewtonRaphson method) presented in other works (Wang and Wang, 2005; Wang, 2014) 
